Using an autologous system, suppressor cell function to a range of mycobacterial antigens and Kunin antigen of peripheral blood mononuclear cells and lamina propria lymphocytes has been investigated in normal subjects and patients with inflammatory bowel disease. In the peripheral blood there was reduced antigen induced suppression in patients with Crohn's disease in remission to Mycobacterium paratuberculosis, purified protein derivative (PPD), Mfortuitum, and Kunin antigens (p<005). In patients with ulcerative colitis in remission there was reduced antigen induced suppression in the peripheral blood to Kunin antigen (p<0.001), M avium (p<0.01), M nonchromogenecin, and M fortuitum (p<005). The phenomenon of antigen induced suppression was largely CD8 dependent, as depleting CD8+ cells reduced the effect and the concentration of soluble CD8 in the culture supernatant was directly related to the suppressor index (r= 0.25, p<0 05). These results are likely to be a true reflection of the cell mediated response to antigen as patients with a positive Mantoux skin test have a significantly higher suppressor index to PPD than Mantoux negative subjects (p<OO5). These findings may have significance in the aetiopathogenesis of inflammatory bowel disease. However, a similar effect could not be shown in the lamina propria lymphocytes of patients having colectomy for active disease.
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The aetiology of inflammatory bowel disease is unknown. There is increased immune activation in both Crohn's disease and ulcerative colitis, particularly at mucosal level. One hypothesis to explain these immunological changes is that there is reduced suppressor cell function in inflammatory bowel disease. After Hodgson's original description of reduced suppressor cell function in the peripheral blood mononuclear cells (PBMC) of patients with inflammatory bowel disease,' several others followed. Most of these PBMC studies found similar results to Hodgson's.2-' However, some workers found no difference between normal and control subjects.8 '0 Several studies of suppressor cell function of lamina propria lymphocytes have been reported"-'" with discordant results.
The reasons for these discrepancies could be several. Differing methods were used in each study, the earlier studies largely using allogeneic systems. Furthermore, in most of these studies lectin was used to induce the suppressor cell population. This makes it even more difficult to understand the pathophysiological importance of this in vitro work as, in vivo, antigen(s) will 10 ,ug/ ml, except the Kunin antigen, which was used at a dose of 50 [tgIml. These concentrations were considered optimal from dose-response experiments performed before the main study.
For each subject, one aliquot of isolated PBMC was incubated for seven days without the addition of antigen.
COCULTURE EXPERIMENTS
After seven days the induced cells were ultracentrifuged at 500 g for 10 minutes. The supernatants were removed and stored at -20°C for later use and the cells washed three times in culture medium. The viability of the cells was assessed by the Trypan blue exclusion method and they were then irradiated with 2500 rads and resuspended to a concentration of 1 x 106 cells/ml. Fresh autologous PBMC responder cells were isolated at the same time using Ficollisopaque density centrifugation. A coculture experiment was then performed, using the following cell mixtures:
(1) 5x 104 PBMC induced with antigen and subsequently irradiated were mixed with 5 x 104 fresh autologous PBMC plus 2 5 [ig/ml concanavalin A (suboptimal dose).
(2) 5 x 104 PBMC cultured without antigen and subsequently irradiated were mixed with 5 x 104 fresh autologous PBMC plus [2] [3] [4] [5] [ig/ml concanavalin A.
(3) 5 x 104 PBMC induced with antigen and irradiated were mixed 5 x 104 fresh autologous PBMC alone.
(4) 5 x 104 PBMC cultured without antigen and irradiated were mixed with 5x 104 fresh autologous PBMC alone.
The coculture was performed at 370 C in 5% CO2 in a 96 t-well plate (Cell-Cult, Hounslow, UK) for 64 hours. The total reaction volume in each well was made up to 150 >t with culture medium and all experiments were performed in triplicate. Sixteen hours before the end of the coculture, each well was pulsed with 1iCi of [Methyl-3H] thymidine (Amersham Laboratories, Amersham, UK). The cells were then harvested using an automated Titertek cell Harvester (Skatron, Lier, Norway) on filter paper discs. These were then suspended and centrifuged in 10 ml of scintillation fluid (OptiPhase 'Safe', LKB) and counted on a scintillation counter.
SUPPRESSOR INDEX
The suppressor index (SI) for each antigen was calculated using the following formula:
Positive SIs indicated active suppression, and negative SIs indicated lack of suppression or help.
CELL DEPLETION STUDIES
Several experiments were performed using a CD8+ cell depleted population. The cell depletion was performed using CD8+Dynabeads (Dynabeads M-450, Dynal, Oslo, Norway Antigen induced suppressor cell function was also assessed in lamina propria cells. Twenty two subjects were studied in total, using colonic resection specimens.
The control group consisted of macroscopically normal colonic mucosa from nine subjects (carcinoma n=4, adenoma n=2, idiopathic constipation n= 2, and diverticular disease n= 1). Seven patients with ulcerative colitis were studied (severe acute ulcerative colitis n=6, dysplasia n= 1) and six patients with Crohn's disease (ileocolonic n=2 ileocaecal stricture n= 4). Six of seven patients with ulcerative colitis and five of six patients with Crohn's disease were receiving corticosteroids at the time of the resection.
The lamina propria lymphocytes were isolated as previously decribed22 using a modification of the method of Bull and Bookman. 23 The median yield of cells from control subjects was 4 Ox 106/g tissue (range 2 5-9-2 x 106 cells/g), from patients with Crohn's disease 11 4x 106 cells/g (range 5-0-15-Ox 106), and from ulcerative colitis 10-1x106 cells/g (range 4-0-13-3x106). The lamina propria lymphocytes (5x 104) were then incubated with each antigen for seven days, washed, irradiated, and cocultured with fresh autologous PBMC and 2-5 [ig/ml concanavalin A as described above for the PBMC studies. Suppressor indices were then calculated as described.
In some experiments lOx 106 lamina propria lymphocytes in 3 ml culture medium were cultured with the same concentration of antigens as above. In addition, lOX 106 lamina propria lymphocytes in 3 ml were cultured alone. After seven days the cells were centrifuged using a Ficoll-paque gradient and washed three times in culture medium. The cell viability was assessed using the Trypan blue exclusion method, and the lamina propria lymphocytes were resuspended in culture medium to a concentration of 1 
Results

PBMC
The antigens were used to induce the PBMC for seven days. This time was chosen on the basis of preliminary experiments which showed an adequate proliferative response at day 7 (Fig 1) . The dose of antigen used was chosen on the basis of preliminary dose-response experiments (data not shown). After seven days the viability of the PBMC was assessed by the Trypan blue exclusion method. The viability was greater than 65% in all experiments, and greater than 80% in over 90% of the experiments.
Initial experiments were performed using antigen in both the inducer and responder phase. However, in order to obtain reasonable proliferation, the culture period in the responder phase needed to be at least seven days. This resulted in high background counts, making calculation of a suppressor index difficult, and also gave problems in cell viability since the total assay time was 14 days. Furthermore, using different antigens in the responder phase made comparisons difficult. Finally, a few patients showed little, if any, proliferative response to antigen so that there was no result from the responder cells making the calculation of a suppressor index impossible. For these reasons a suboptimal dose of concanavalin A (2-5 1ig/ml) was used (Fig 2) . This gave a reproducible proliferative response after 64 hours in the fresh autologous PBMC used in the responder phase.
PBMC SUPPRESSOR ASSAYS (Table I (Fig 3a) . Subjects with a positive Mantoux test had a significantly higher PPD-induced suppressor index in PBMC compared with patients who were Mantoux negative (p<005 ,  Fig 3b) .
PBMC CELL DEPLETION STUDIES
Satisfactory depletion was achieved in all but one experiment. The CD8 depleted populations were always <5% CD8+, and in two experiments <2% CD8+. After depletion of CD8 cells the suppressor index fell in 10 of 14 assays. In addition, after the depletion of CD8 cells the amount of soluble CD8 recovered from the culture supernatant fell to almost negligible amounts (Table III) (-5 7 to +57 3) (+ 18-8 to +40 7) (+21-9 to +65 7) PPD +17-3 +13-3 +24-8 (-18-7 to +39 0) (-7 7 to +37-1) (-6-8 to +82-1) Mycobacteriumavium +12-2 -12-4 +24-6 (-4 3 to +38 0) (-25 2 to + 14-7) (+5±5 to +45 3)
M kansasii +13-9 -2-9 +26-2 (-39 9 to +63-5) (-44-6 to +40-1) (-3-8 to +39 There is no significant difference in suppression between normal controls and patients with inflammatory bowel disease (p>0 05 in all cases).
of the antigens used in any of these subgroups (Table IV) . The lamina propria lymphocyte viability at day 7, as assessed by Trypan blue viability exclusion was 62% (range 45% to 72%). It was felt possible that the lack of difference in suppression between normal subjects and inflammatory bowel disease patients could reflect either poor cellular viability by the end of the experiment (day 9) or some intrinsic difference between the lamina propria lymphocytes (induced population) and PBMC (responder PBMC). For this reason further experiments were performed using lamina propria lymphocytes that had been centrifuged down a Ficoll-Paque gradient at the end of the 16 These data disagree with those of Ebert et al, who found that the addition ofM paratuberculosis antigen to a concanavalin-A proliferation assay resulted in reduced proliferation of PBMC from patients with ulcerative colitis and Crohn's disease compared with control subjects. This was interpreted as showing increased antigen induced suppression. However, the assay system used is not well designed to investigate antigen induced suppression and therefore any discrepancy in the results may reflect differing immunological phenomena.
The present data are in keeping with most studies of non-specific suppression which have claimed a defect in suppressor cells in ulcerative colitis and Crohn's disease, although this defect in non-specific suppression is mainly seen in patients with active disease. Since we did not study patients with active disease, to avoid possible confounding effects of treatment or dietary deficiency, there are no data on how this might have affected antigen induced suppression.
The importance of the present data for the pathogenesis of mucosal disease remains speculative. However, it is possible that they may indicate a fundamental defect in the regulation of the immune response and may explain the heightened immune response to a wide variety of dietary, bacterial, and self-antigens seen in these diseases. Whether such a defect in immunoregulation is under genetic control and therefore predisposes an individual to develop a chronic inflammatory response after an acute insult or whether it is secondary to the chronic inflammation, remains to be established.
It is interesting to note that the most significant lack of suppression of PBMC in ulcerative colitis was to Kunin antigen, and in Crohn's disease to Johnin antigen. The bacteria from which these antigens are derived have created considerable interest in their role in the aetiopathogenesis of these diseases over the past few years.' 18 20 21 If reduced antigen induced suppression in PBMC in inflammatory bowel disease is important for pathogenesis, we would have expected to be able to reproduce the results at mucosal level. However, differences in antigen induced suppression between normal subjects and patients with inflammatory bowel disease in the lamina propria lymphocyte population could not be shown. Increasing the cell viability and using an autologous lamina propria lymphocyte responder system (instead of PBMC) made no difference to this finding. There are several possible explanations for this. Firstly, in the lamina propria lymphocyte studies (unlike in the PBMC studies) the most subjects with inflammatory bowel disease were taking corticosteroid medication. It 
